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SPECIFICATION 



1 

m *m * 

5 Rflf#l? 

*3gKttx 353^*- K** (LED) , K** (LD)« 

_ Y n s o^x, o^y, x+y^i) m^tzMm^mfcm^mu 
10 i rL^t?mtm*m»mzfiir%mk®¥mtem^M'tz 0 

20 nm, 5 mW^ftSliO^T, 1 if SrfS* Lfc 0 



2 

ft« ^ o-cv ^ mk®¥MfoZ% Wc3H4c:iott 5lt§§ft«rSj»J± 



1 



^Wi-SKSS^ISHt&nsrt ^ft<9, LT, ^r-t y T<Dy 4 7 $ 4 

«< (pSilJ) *T?art5^yT4r#< U *^lJT<Di£A&*«:±tf5 
$ l ©Rill; n^tt«b^*Ji5 piS^bC^ftD T©^A^PI# 

20 ^oitiRft^ffiv^iRis-fc^fc*, p3S*^e>si4Ji^*ryr©i£APica 

jfelS^SSrXfSi-. 0 1 4 fc*HM: ? in, IS l ®RM©na^**£#*# 

lot, ^l©l*M^Si4g!^5tbn^r.i-C\ #<©*-;^tf5r 
25 =3r^yT(D7'l'7^^Atfi<*5ffiW^^tl, ^tl^il 



4 

5 x l 0 1 6 c m- 3 UTXhZ> n i Srffi-fa 

io (2) Hiiia^ i <Dmm<DmmK mz^nm^wm-^K^^btm^ 
mzowms) £*)-b>b£^mmxfoz>k, ^m^<vm : im.bM„ 

20 3. 

?m-fZ>mZA 1 ^^tfllbfe^* («HHC3&»Ji) KioTTlM^^ 
Mill MOCVD^ioTBfcftlrfT^^ InGaNIt 2Kf^^#H 



5 

5 fc x InGaNWi^W('i^«iE:UXU5, f-t, f 1© 

matm zmommm z*)tm< m^-r z^tK^v, * 1 ommm&^'pftM* 

(3) nM^t«J¥«*S^at>i£vHiLiltSg$ixfc»Sl^»SSB 
15 «Bl|B 1 ^&StlSpiaftftfil*i»<>'C^tif S (i = l, 

2, 3, • • • L) 05p*M£K£§iJBB K £ LfcBftC i = l^bi=n (1 
<n<L) $WHI1B i^ni»^ft5:i:^IU\ ^©i^l- 
J:^ SftS(7)##Fii^co^^!;T(Z)j£A^— g«b^#jftt>0£ft5. 
t4Jl»HM< (pSSi) ^<^-i- JJTcD£At>&#£ft9, &Sk<D*vDT&. 
20 AfckttJS^Sfc^ftSo L.fc#oT, 09;lti, LED, LDi'^T^ 

IliftSo iflx/t, l#Bi>6n#l4t?c»ffllB i !:nl^tt*4tt5w 

«H*4rK-7^--5 0 «k *) -Jin 9 7co&A£# 

(5) M$Sl®l«!i#. H«ISffittji^i:%^Mftiii'i£®^ti-CV^r t^l 



6 

(7) ±sa (6) (Dmm^^x. m^w,i<Dvmnmm<Dmwiimuw>2<Dxi 

15 *tfW4^fpj±U g^tLT, ^©[^bot^^T^^^^lPliU £fe 

(8) ±12 (6) £>*ffefc*3^T, iIIES'ftJi^2J^±(Z)#Fl* ; tU 

ffitii, *i©p«i$M^sH^©*t>^Hw^5ie*^ nil, pmmfr 

( 9 ) 3fr!Bi£f4Srt<04>-fc < t> l o<D#Fif #\ 4 0 A&±<Z)§8?&W-t-5 r. 



Jf 

7 

10 fifea*;ift£^l"S©£Suw5o 

# N 5 OOAOTT*fc5:ii:»f:U\ ftic, »?-#F«3fi'e*ft©S 

3 00A£tTi-f-5-fci s ff*U\ ££fcx 5 0 AJ^ 
±2 OOA^T^OTi-t-Hi^ #fii^#F#Ri. MWFI^i^f, 

& WFB^HtM^T*) ^ScW 1 ?) 5 0 AJ^±2 0 0 AJ^T^ta 
• JGttl^Wlg*. »fi^*3V^T, «i^*iHSSH4 ■ 

20 5~8 omwt^^rz^^m^mK^xhmntz^m^^M^rf-^^.t^X' 
%Ltz£*>tmmm*ti. %m@&, s&fcfl-ti-s. #f 

25 Ittu I n £r£tf£{t&iNMk 3Efc#*L<l±I nGaN»5:i:^ 

•So 



8 

io (id ii ^Pfngo p m?FfflB<oto£ti. mmfeznz wx-tztt 

W*. 1 X 1 0 16 cnr 3 &Lhl X 1 0 19 cm- 3 OTtfc5:i «£U\ p 

15 (12) P M«S^ro J: 5 /itSKasi l©^ii!l iMXIipM 

(13) ^i<7)»SJi^pST#fi*©K-yi*, Il©gii«W5 

20 Ti-£>3 nS^FBC p^«#J^«LT^#^#tt^f£T1-§»^fe 

(14) nmmm^mftm. «&b, pms»¥^£)i^»- 

25 $-&-5pMM^«^l^bpS«W«-r5fc^ pSPF*M&&*r*5 

(15) ^momtm^m^m^, ffiUpMmtvn^fcmtK pssait 

flfriE n IS{b^¥»i\ Wtt x # 0 < x ^ 0 . 05©A1 Sr^tfSMfc 



i 



9 

fulfil l©l$SJi^pSra#&#U |ti|B^2(7)^Ji^nM^» 
Sr^ri-5^t^*U\ ^©#^{i=t^, ±a£Lfc£5U:* pMJf^fb^i- 

25 (16) iusSp^LWW/f^ SttBt'^LT^KDpM^bW^ 



10 

± 5 fc, -fito vmmvmZiK % 1 <o p ISHbfc^NM** t #F1 nto 
(l 7) B&^i©p^fc*^#«i s , Buffip^b^^iiM^fiv^ 

(18) bIJIE^I^V^T. #Fl®&#i:W±3OT©ttfflTfc3r£as0 
$U\, ;K&fl|j£fcJ:»K LDKfc^TiiSBJIISM^ #Fl©p4Kit*l) 



11 

ASATX, ^FSfc£4m_h£ IsitM-frl'te, ttMXWM£itX&mt}<DLl>, 
{~#F*£±$Lfc£5ftllJ? (4 0A£JLh) £1-£^T\ 

mxz> 0 

(19) biib2M 2 <z?i*aiasfrFB tR^nxiafi mtmrm tmzvm. 

9tMb<0&KttRttK 0. 5 ^ R t ^ 3 *5 r i *5jf I LV\ ZCDffi- 

*^#Ft*i£ttgH4»i;:*sv^ #F1, PMWXtf, igtSSwjRWtt, kin, 
Jfcg«H4£:*:t < ^#££i3h^B t ft ~ 60*&&Tii:, #F1 i P*£ff t 

(2 0) fflg&f-WMOWf-dvriiK 4 0 dwl 1 0 0A©ilX*fel mJl2 
jR2<DJ¥M<z>B9¥db#i, d b^4 o Ao«H"t?*5 niiW* U\ ~cofif 



12 

(2D mm p mmtm^mwrn, mm n mmtm^wm zh?iv±® 

JI^jb^T, A 1 LT, JEtf*©'h£v\LSl^7 5' Kflfc-fS- 

(22) $ P) ^, M2±fC^ 7 V KE<DA 1 (D^^It x iK 0 < x ^ 0 . 1 
V— 9**^-©5gjgifefif±, 3 8 0 nm^±4 2 0 nmW»^Ott5* 

SgHd B ^l 0 0AR±4 0 0AKT©ttffltfc3#F»«rWU f£2ggfd B f*l 
rftli, IU8^1-=fc5^ Ii©plIWi»l2 8^ibOSgltd B ;i\ 

*ST?*5^ 1 ©p^-»^frl5cJC0^-5*^t:^K-it LT\ 

spa*, ±se Lfc j; 9 i-^FM^, ^ l < £ ntt^-mmmwm. 



13 

5 0 mtttiS!^ i^ng 2 b <£ «9 t^tfc^ K^r> ^y^^/^-^^-rs 

#b*i*o Sfefc. EBid B li. #3-L<lil 2 0AW±2 0 0A^TO$Sffl£ 

«PJOlit:l3Wi^i:fflV^ n^PN*fi4^ UTtt. Si, Ge, Sn, 
S, O, Ti, Z r#cDI Vfle, 3£U<liV 1 8S5rafc&#^5 
t<fiSi, Ge, Snt $ t>&3: L< lis i &JB^5. pI^F 
M#JtLT«, WtC&B^ft&l^ Be, Zn, Mn, Cr v Mg, Cafcif 

wi-s«5S;i3d 



mmm-tmmxhz, 

mxh%, 

t>L<f±I nN, XI±:il60MTfi)5itoi/P ^M^l^ft (I n, 
25 fc, &gfek<fcV\, 



15 



10 ^M^Ffc&fcfcV^ ^Flfc&Siifc&SlHu 

<E>Jg<DflE®Jl£\ r#FS/*SJ8(i)/l*ISS(2)/- • -/#FSj 

^H-«t 5 4 o i ^ik, a i z^tx^im^mfcfrhteziimm 

15 140 3, ±SM*M «t 9 fcx^w^ F^ri- $ fcTSPlMB 4 0 

(#FJf) 

3L<, ^(DtifMtfcWm&t LTHu In.Ga^N (0<a£l) fc*f£ 
20 L<^ar^-et5 0 r.co-tJc.fcO, A#ft38#-38fi£*riifc-$-3#F 

I n G a NE^W^t. -h&LfcM:*^^ Mx.tf I n A 1 G a N, InN4 
ZZM^ZZkh-ZZ* tit, I n*£*ftV^bft^fk ffl*tfAlGaN v 

25 3fr«iii<ft^?£U\ 

*#«:i&^-c\ mmRmFmo&zim^fctbzzki^smxibz. 

BSSirL-Oi, l 0 A£LL3 0 0AJ^T<OfSH> &f L<tt20A£l±200A 



16 

3&>Lfc#P>, #FSfiI n^tfM«¥#*^fflV^tl, nS««I^ 
^1x1 o 18 KT5 x 1 0 16 £(±^fflT'K-y$iaTV^5i N *SiSH£©;Sfc& 

jg© n ?s^m«i»* t mm za>\ % l < it* z < -r 5 ^ t x\ #^mx~<n>mt 

K-:/Ufc#FJgte, 5mWttf;*j©LD, LED&i\ fgffl^lii 1 ^ 
L#vMtm«S^teT, Vf©fiTdS#e>^*U\ tit, 
#FJf <£> n mm C«L < tt^ti i D ffi< 1-3 # 

^) Til, #/= f Jf^TvK-7'T\ IIHWKnM^Mt^lrUev^T, # 



17 

^xLoTssttff&^^fc^fc^u -^mtiTx-mmMm. muffin 

iOfcft, r©«t5*i*ffi^©*^ (5-10 0mWOtii^©LD, A? 
-LED) T?fi, #FI©nIffi|lM^, ^<HlX10 18 /cm3 

/cm 3 , £?l£L<{il X 1 0 17 /cm 3 &Ti:t5rK*l)5, #F* 
(MS) 

n jS^lt©teV^ I n Z^&mk^mfcmL < JiG a N N A 1 
ttftifSrffl^SCti&STtS, IWWatft, In ( Al r Ga,.,N 
(O^fl^l, O^y^l) , In^Ga^N (O^0<1, a> $) „ Ga 
N v Al y G ai .,N (0<y£l) ^^*fflV^5 * t ^"Ct 5„ #F 

*^t*mtm*nm^tiz>#~Fm* a 1 g a n*^©a i ^t?s«^* 



h5X 1 0 16 /cm 3 J^±K-^$^TV>5^iT\ ±mt LXtil X 1 0 20 / 
cm 3 T*fc5o ft^i'fl, fl&tf LEDT?ife5*£fc:H\ 5X10 16 /cm 3 
J£U=2X 1 0 18 /cmTO»niM^nr^fc^ £fc N <£ 
5 ^^"^(DLED^OTtB^OLDT'fi, 5 X 1 0 1 V c m 3 R_k 1 X 1 0 20 / 

cm 3 OT©il, 0*t<fil X 10 18 /cm 3 Ki5X10 19 /cm 3 KT 

iWI U\ r.O^ ii^OLEDi:, j^tH^OLED (M^y-LED) <h 
10 &,mt!C0LD (5-1 0 OmWW^KOLD^if) <bT\ nS**6M:;&Sftfc*£> 

i R» 1 o A«± 3 0 0 AJ£iTcoeffl^M-et 3„ 

20 *K ^<om, pSTWftii LTf±, 5X 1 0 ,6 /cm 3 «il X 1 0 2O /cm 

rlili, ixio 20 /cm 3 PiibI^M#<Ui ^r-r 

25 ®**i6T$-e:5o Mfc, lxi0 18 /cm 3 ^TO5^ ±R?Fnto<DMm 
K J: 5^3b*©4rF&te< ft*. ^ofittirt^pi)|^f;©^ t y T 



1 



i*5 0 014, 15ft, f ^ p«©gflWnI»ii:i^ML< ft 

io m i ©nwti, mstm buii© p mm) n m^wmzr > K-y t? 

^LOipSW^ar^Tt-Sri:, ftfe0* U< linM^RW**^*r^ pi 

fc^o rjucfctK mvkm±fttLxix ^tLxnmpFnm^^fi, m 
r©n^ JFttiftftKtt, 5xio i6 /cmW^o immz.&nz 

nl^ife, ^L<{ipM^»^H^^^^^tf±. 5X10 16 /cm 3 



20 

^wfiomt^mfcm^z&^x, w> 1 <o^wtmt vxtt. a 2, 3 i^f 
-tct 5 v^Mtm^mwm 1 3 <t ns^«¥*£fti 1 1 txm-£fttz.m& 

m 2t*H^ pl»^lftll:l^< <o«EfflEB. Witt 

s^«9, nM^mm%ftTZ>m2<Dmmmt$:m-$'z>Mmxhz> B r©^ s&i 

El 2 tc^-T J: 5 ^FJi 1 b XfoZM-tt , ID 3 fc^l"* 5 i opf 

K^i-xo^. is&mftx§:i>i>m<DMth mi<DmmmkT6z.tx\ pit 

ftfl&#3WttiteS5 LXm 1 OlfcfW&EHftSirtidKttS r. i HI 3 (c^f 

£ o pi»«l i 3 £:?£t£Jf l 2 i*j<d£ l <DWmm 2 d i N 5S^b 
fcpMlSrSMrt^T«-f Sit ^ifct-J:^ pSJB^&S 

m 3 ic^-r^it, rin^ "9 x pnaMM&^MMts niii ^^ns 2 

c i©ffltc#FS 1 b##£UO^rt:i6, ii^Lfcp3!S<^$ittfc&fcV^ 



21 

mm 2 c & P sin 1 1 s t , frz. $ *t* £ # s « - 

AM«LT*fe£*£<i-5~ i:i:ft5o -Hit, *kpffl©PWBB#p$!^ 

S&±©#FJi£#LT&ttkft"tV5;: H^U\ -5-t<5r£T\ iff 

tifc 1 ff&±0>#Fff f*i^<0** y 7£A£ <k !9 S&Wftfc^-t"* - fci s t?# 
5„ lot. *t>n«©«aiff. EI2, 3-C1igli2a, 'J>%<ki>n2 

<Dtimm-?*>z>z.b. *fi£t>ib. ^©ftMfftfsgttff^ftfc^ 

flora, ftt>n«o»M^20|*MS-C*)5^i, 3Efc#*L<f±, 

^±©«^jwjpx.-Cx p«<z>i*gff£iSK itciti^i 2 o[fit«-e$) 

lT*5wi:i:MT, 2#@^t< fi.2 # 1 Rff : ttL&&fc p WKES $ tifc 
Pf^Jl <b p SPtM £ nftg-efeS 365, ^x.{f@ 3 tfci ^TB 1 ©KM 

|2d, p Wm&m 2c,|2 0|5$H® 2 a £i"Slfb& £©*J$-<?li±ifc Lfc 

xmrnom 1 <DmmmmK^x. m 1 <DBmm^^xw<mvtt% p 



22 

15 <Dpwmm^fcmt<DmmzMz.x, Mmtsxo^m^^x, ^wo** 

*>££Lfc*^y7<P^-??&£#^iB£ftS. iSU-. fS 2 0»«jB^ 1 © 
*ffiJtW^)a^ft5wi: ##F*^©ni»«a>e>tf)*-r !J T<D$EJJ>* 

1. ^i*iiSB l^&iWiapS^ftftt-^ftSt-iPi^oTft^-c i#a 0 = 1, 

2, 3, ■ • • L) «HS£l¥il«B i, tLtzmz, i=lj&>bi=n (L 
<n<L) JtOlilBi^nl^MtU i = L©KHgB i tfSpSPF 



23 

K5l©P»SJitw^fcl9 % MibpWvmMmX'frV), i©»ilB L i:J;5ffffltt, 

Wft^ir 3J 7&A£fJf§i:T6o £fc, i = l^b i =n$«tlB i 
n S^Wfc W5:i:^ n IJf » b &V MUC n ffl® IBffil !- n 

£ r T\ %2 <D£imm\z&\-tZ n It, < £ 0 < n < L Sr^Ufc-f 

rtMIt^^ ffSL<linin<n<L > nm=L/2 ({ELL, nmll^M 

mm (r>mk<r> mT^u-t^ n $ ft s r £ nmm&bo** 

%M2a % 2 b&H&iB i HtnS» K-T'U P$Sl2 c (@2) 
5£ L < «l£Jg 2d (121 3 ) £»ISJg TM.b LT p & K-^ U RlffiJi 

02^H«l^feV^ »aSBLOKJ([*S«®«B i <i*L) (75 

&Ai-Z!&m&h%{SiiiiJj<Dm*i<zm^x, piittt£< (p®s^p>«>^ 
^yrttAPf+ffi , pSco^^yr^#<#/£-f-5i«siBL^iESv^ir^" 



*t8fo<OfmVtt. f£ttJ1107&, In xl Ga 1 . xl N#FI (0< Xl < 
1) t I n x2 G a 1 . x2 N^MJS (0^x 2 <L x,>x 2 ) I^Jf-#Fl- 

pSS^KUii^Sl 0 8fc0|g^fc&l<£|*M%BfcVvt\ £T 

gt*B 1 0 7 (7) toV^T|ftWi-S 0 10 711 I n s j G a 2 N 

#F! (0<x l <l) t I n^G a^^NWM (0^x 2 <l, x a >x 2 ) 

0 1 ommm ^ < ^x<Dmmmn si, s n n s^as****?* t < » 1 

X 1 0 17 ~1 X 1 0 1 5 c m- 3 Ogg-C K--/tTi^c Jtlt^5 0 
25 &*61 1 0 8^^<7)teSttc: ioTMg^5©p®^F*g*b* 1 X 1 0 1 6 ~ 1 X 1 0 1 



m i ommmv&mtemwx p mm^m c&fcJB 1 o s ©j^s^m- x^xm 

{11. I~5te©ff#fc:fifcft3*3 0 rtUwiD, m©HMW:, InSr^tt 

*f|E»^iftvM!a[»^iefll$ixfc»2©n«!»ffilit, Hl©P 
io Iti-f^o JMfcift^ m 3 1^1" J: o fc. «ttJf^k«j©B 

1 O P fl!ll«£Jg 2a, $2 Onllll 2 d fctfeSftt , #FS 1 , $11 2 b x 
15 ZZkX\ nmmfrb<0**y7<D&K%&&t£l><Dk-tZ a ^O^tLX, 

Hi © p «HS, H 2 CD nTOffl£&$;ft;fcl*M, #jxJf H 3 KJJtt 
l^t L< tin WW K-T'Jti^ : ^T'fc r*UcJ;i9, nil^f)© 
25 *fc N iflBBl^pWlil©J^«l2^2©n«iJI$M^ff<b!f{^C 

£JxHU nLi^blimhfaXlifo^k piUl, nim^-v y T©&An k 



26 

#fs <t ©ra k# 3 <ommm Htrtam 3 ©liicgp^ b&ib 

tt)B. »i ©pflffltffllW:. WeftnMJf. p®l^fe©*^y 7<£>&An<b 
UT©i£AU nil, pMS^b^TK*Hfl!l^£gU f!3©«J!<i: 

X, ^T©<t5fJ:*5 8 
if 1 ~4 ©IIMi^fc^T. J£te®rt8&-Cft t> pMJgffl£EiI$:tofcl*£g 

^Lfo^ZtX\ Stli^o^ftU T<7>&A^it£*U ^ftfcsSH^NK iflfi 

=ar^yT-e*oTl>»i:<ftA-|g3tS^$K Ktfi^-e, £#&£>aMM& 

tfcf** nWt®m*J y K-7fc-f5a\ nM^FM^Srry K-^-?j*fi$* 

S«©W^a^pS^#fi*S:^rLTV^5«^^, nS»l:ft5L pll 



27 

££l 0 1 ±W3^T, In.Ga^N (0^x<l) HlMlOT^ 
niA^Ga^N (OSy<l) 11 0 3-1 0 6 (#Sfil: y Oftiilft 
5) piAI.Ga^N (03z<l) 110 8-111 (#l£j£z<0 

^/BV^btk AWllA^Gaj^N (0<b<l) Wil^V^Mo 

nmt?»G a N£ffiV\ t)MfiT'f± I n G a N/G a N<D#gflHi^^ 

InGaN. GaN, A 1 G a Nftif&ffll^r iflSTftS. #V 

EAT, Hl^^i-^«¥^^~if'^ov^, #3t©l^iWHov^TlftWi-5. 

= Ml 0 3, ^7-^Ml04, nS^7yKBl05, &t>*nM 

3te73f^ KJgl 0 6aSfla£$ftW3. n|^77 KJB 1 0 5 £Bfc< ffc<Z>Jf ii. » 



1 



28 

nitlbti*i*I 103-106 gftii l o 7 tmf&ZfoX^Zo 

5 fittH 1 0 7 gfK£©ii 5 

$£t*E 10 7 <D±K.f*. P MM#>¥»Mi: Lt\ pMS^PH C&#B 1 0 
8, pHfc#>r KSl 0 9. pi^7yK«110, pisy^Hlll^ 

10 TffittS «fc '5 fclSW^ y^#f"5 wt^t?ft . ^©fcfcfcA I 

pilftfGSUfcaWBl 0 8ft, pl^75- KJpl l 0 i»J t>i*v>A lSiiJtSr 

15 j|opIi«»b^^ UIKllA^Ga^N (0. Kx<0. 

X 1 0 n ~ 1 X 1 0 1 9 c m- 3 ©Igt* K-y JHTV^, £H£«fciJ, pfflm 

MD^fc^i o 8 ft, n?*fe&m$ i iz.iimmc&tbz>^bftx*$, v-if 
20 ©»«T-fig£$*;fc,fi&< . mm-zbiitipmKjfj m 1 o 9^pi)t^ y v 

Kll 1 0 «t «9 fefMSH5:H5t^5, Lfc#ot\ pSVF-M 
fell 0 8 tr«-T-5 r. <b J: D . p KM l 0 9 mzmteM <»±\z.W& 

Mfci-zm-frizit^x, i n *istti£&m 1 o 7 ©sm^wm'** r t 3. 

p Mm^M C&tbM l0 9tt, T> K-T/Tj&ft£*fci? l ofSiil: 
25 pS^W»^t^^J:or«ite1-5SWSr*fcUT*5!J, M-ttttftLT, rStt 
I10 7&##a*e>fi&H-5£#fc, fgttJI l 0 7^©*— ^ftA3&*£S5»3 
^i»J^mfcf 0 gP^>. MQWSiti^iil i: UT7 y K- / I n , 2 G a 2 N 
M (0sSx 2 <l) **b©IW)iJ:«5t>J?<^U ^-h^Mg^pM^M 
iOTtCK-yLfcplA^Ga^N (0. Kx<0. 5)^feJ*5* 



5i:#(-s plA 1 J Ga, s Ni^7yK-7'l n.jGa^jNitMgSfC 

5 $6C »16 1, 16 2, PSSS12 0, nISil2 

k LXf±. A 1 &£t?&fcfc¥*f**JB^5 i><DX*h*) , I^tttA I a G a 
t _ a N (0<a<l) £ffl\^3 a AliSfiity i LTH, V~f|fW 

15 0. 1^7 < l©|ffli:t5lK^^ »^L<fiO. 2^a<0. SCO^ffi 

fix pm? 7 y Vm£V i>*% <1r$Z tX&*) , itUS^i-yT^&feiCfi 
3fc<o -5 * 7 «y KJB £ *) i§?V ^elft £>Mt«fcM 5 ^ <t 5 ^ & X 

COL EDJ^t>fflV^5Z.ti6STt5 0 

*3§flJso|g l ©pM-fk«li¥3|ft:*<75W i LXtt, <t t> l 0 0 0 A£* 



^t^mtw^mx fixate**** (a i \^<x. 

kV f <D±%&i&<W?LZ~ ki^mx\ MK#*L<f*2 0 OA&Ti: 
/lojltffoTEBi tTft, 4>fc< £t>ioA£U:> t< f±5 0 ASLLi« 

m£*^VT<Dm&&&»imbft% a mKOvwrntw^mwrnnm 

if 5 b is/£V^fc4?> N i§Sl3f£f£JlS-gLTi§ i (?) p ItfeW^l^it 

mfcmmicw&tzm t. whop mmm*m&m t . txmn z t 

20 KKttSwiMlg-TNfcS. MUtt, SttSCDfttpWJiSrl nGaN, Al 

Ga NCD%il(DpmmtV3¥^fcmb<Dm\C^ GaNd^&S^^rJIHatt 

Lfci $ i<DvmMfcto^ftm i 1&(BM\zik^xmtoxft^1&fot:1r$' 
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k8M OpM^fctt^SMW^ 8£>HattdB&4>;fc< o o A£JLh£1-5r 
£"C*>Dx jf*L<ttl20Afil±tt5ii:i?*!J, 3Eteff£L< f±l 4 0 A 

0, 120 A&_hT?fcS i %3-mtit<D*Mt£fa±&*l&'?& 150 Ai^±-e 
3«fa2Mfte>ftte*5. KJ-x *©te*a J 2 oo A<k LtvHK 

ajK«5«owe>3a^±#«^#*&*i, 4 0 0 aj; »>*:tv^ 

15 4)ft*fc±fl-2Sfi;:5«flfcfcSfc** -hlB8Slt©±l&i LTI*. 4 0 0A£*T, 

l<«2 0 0 asxt t-rzztxhz, -tut. !& 1 <0 P l^fbti^frii 
20 nr.T\ EJ*©£iP<l:£5#FJgflu 08icjoV^x, MMtplfi 

5*^{-, 0 8 At^ti -3 tft% p aJi«oi*M 2 c Kgg tr» i^pSi 

25 REg£ 2 c ill©p Mffc&WfcJl 2 8 £ OKt^FS 4 £^rt"5 t # /O^fc 
5„ ftt)pIH3 Moft&Jg 2 c i H5 1 <d p MSfcfc^fcJg 2 8 k <omiz#- 

F*4*W-f5»^l-tt, wO#Fl4jiMoTpi|l 3}£j£<5£1-£\ P 
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®\<Dmmm 2 c a* p wmmttir ;oiti 2 c j; 9 & n 

tt. _Lx!iLfc=fc 9 i 5 * < , StE#FS t <£>8gPI d Btt x 

t> p mjm® mil inn mmmz&M* s #fi t oek t & »k m^^o 
10 tzmmdmx.zim<o&ikii t %- btiZo ::©<fc5ftfttsp?awMtf>iM 

flrf3«l*JKi>3fc«\ »*L<fir©<t5*#F»Sr>fr$r^ &4£!f*]Tft 

* fc, *fe p 2 c t m 1 © p ¥m&m 2 8t&m lx 
wtn h tiz> m&w% ±ib#fs t%i<Dv mmtm^m&m t <d® \cmmm 2 

c (ft t> p MSfiJ^i^M) 3rl9!lt T iO»SB©Kff-Ct> oT±Effi« d B& 

fc^-t-s itm §o ueoT, Met pmm<Dmm (±&om 1 

X 1 0 I9 /cm 3 £i±K-m:tT\ gJKiilXi 0 13 /cm 3 K±K 



i 
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±Kte#};iPB££ft&v^ ixio sl /cm 3 etTtt5:it^o <§.U 

#£U ^l^pS^kW^St^lbteW^v^.fc^^^i'^v^, / 
LTpSbW Kl£$ft5*£K:. pM^M»^l^pMM^¥#ft)f^ 

20 ~«lCn^/ffii41/pSJl<0»||tcaWi*tifefl|afiSrlrt-5 
©ZfcftKiSVvT I nC^if*l&W*)5, p®*©jfcfti&Kfc 7 0 0- 

lot, i?i©pMStt¥^#:lJi, ^if^KI^opMWIr^l: 



kx. ffiWit VX<D®m&'k : >z.bJA #*uv\, $e>Kf±. _h$Lfc 

mm, i*ssbl, $i<z>p4w*£jf) p^m^f-t^*^;:^ 

#SHJI<7>tm£ LTttS i 02SXfl-<Dtfn. £f3;L<rt:Ti, V, Zr, Nb. 

bn, sic, AiN(Dft<D<!>ft< kk-~mx*m$rf%^k&m-£L<, Z 

10 ©4>nzr, Hiomm. BN, S i c £/B^3 U\ JEfc, 

15 $&J8v^ S„ ^v^?t£k\^i. ] 0 V v^*Wt 

l^t Ltd I n,Al , _ y G a !_ x _ y N (O^x^l. O^y^U x + y = 

kLxtm-tz>i><Dxh*). mmK-TFt x o \^ mitm^-i^^xix 

25 Tgttl^lffll^ ^K^-fey b&kZZk* ttet>h. ^yK^fty^ 
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co P mmm*mw-m*% 1 * ? * kjp £ u -t*u: ■? ^ k=?> * -z^*** 

' h -eft, fclSWK&i^C. M 1 o p i!Mste¥*#JiKBH-S#fi 

co p mmtm^m-wm t ©rat. wx.«s 8 b i^-r ± 5 £#fs 4 © <t 5 1. 

tit, ]) yi/fBb LTfi, 1 /zm£H±3 /imfitT, &*L<fil. 

e-jxfmv^-^Mmbinz* f^tt, y-yv?« 



<me<Dmmm> 

^(om^m^s a 1 ^t^mtm^mw^t-t^iM^ 7 v rb^ a 1 $r&tr 

M^¥^#£^«Ti$7 7 7 Kl i -est? mmt£#t 5$fc«¥- 
5 aflfcl^T?, ifiiiE±gi$7 7 7 m. TU? 7 7 K«<& A 1 ¥*&8if&Jfc x 3\ 0 < 
x^O. o 5Tfe5'i:»®i:i-5o -Hit, 7-77 K«©A lMJfc£0. 

0 5^Ti LT\ ±SB7 7 f KJi. 7 y h*Mxm%M%?m&<nffl&ft 

*m&x, mmoimm. #Fm<ommitz-ktmmtLx, gmmMznz. 
m7j#fe *^##^fRjji$^6ri^«rigi^5o r.tu*> a ins 

1 9 , 5-100 fflWO ffi^J "Cif jgE«^figT\ ftxV * 7 V* T A 0 > 

i&teJffcfcv^ #FJitfU 0 ASLt©JMST\ JRJ¥OitRt*tl/3 

«± i wT©isiBt ±&©$ i ~ 4 (Dmmmm, m 5 (Dmmmm 

t tiwjb < -tzm& i 1- a ^ t x\ #fh wv ^ t \z x & %%nm^<D 
25 a,&<, ^yrasaAsn, i«^t5*$^^§, Mfcffitttti©*?- 

C©^, #F1©IR»#4 0AW±T\ #FJP£»W©li!W©ltRt (Rt= 
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wfswbsj?] / tmmmvmf] ) ^i/3si±i&,rommxh^>t, it 

srPfcfclK MiaKH^fcS-i:^ R I N (tl#ltW8£) £>*i5 

mix 4 0ASl±t-t6^tX\ Hi3fc*"t\fc5fcs f 

<tR7<Dmimm •. #F^©m> 

5Ci IMJB©&Sr^*5 t &m)\zfgfem&faDEm&jz2 < 
Vf #*£<&5#u^&3 0 Sfcfc, #F!tf>§:£#< LTt>, **U2 

fr*>, %.-m=f#PMikXti 2 , 3 J: •? '> tiS < ft* *\ 2 t 3 <Dffi<D#[ 

%w&mmmxh<o , ^^-^m^mm^^x^ sttei 2^nMi 1 1 



o t (oT^n^miktbmx-hzw, 1 © p®afl:«¥**s 2 8 £iru ssi 1 

2 ©i^FMffigtt, PtSJB 2 a /#FE 1 a t LT$| t) 51 LSfJB $ ft> 

5 ±fflJ, TSB* 7 V m 3 0 , 2 5 tSttS 1 2 £ ©HKUtSfl, T»W 

K*2 9, 2 6%^rt5fe©t?fc5 0 H4~8, 1 014, fiH4* 1 2^U<tt^ 
ttSlii22<DM«jfi2 0^, -t<oaf««3S2 OOTl-x ^rft^f&tfc^^ 
«-^>K^^sr7*2 l*/T<"tt>0-e*)S, @4, 6WSH^©*^#F#fi&fl s BS 
»^*3V^T*^*«agS:^r1-5fco-Cfc»), -?:ft£liigfcH5, 7{**fffcft$f 
10 3t^W-r5t>0-efe^s 04, 5l4fiH4Jirt©#F»©»« s 3T?A)«?s 06, 7 
ii2fS)^ 15 ttfttfi' Kl £-a £1% H 4 , 7 , 8 fi*#V KJB £ Wt - 5# 
3t-Cfc^ 0 Hi 8 li x f£t£S 12tplfl3 #M3ftfc«3r?, plH3rt 

<z>fs i co p mmm^mfcm 28 1 m&m, Mhp mmm^mm £ tutmmm 2 
c , Rxptom&m 2 c ± 9 n§yjiravMw-ffig£ ftfc#FS 1 b i:<7>ii# 

15 *^i"t>^>"CS>5. 

<»8COHW|g> 
*»fiK;fc^T* |8ClWit DVD, CDftW*f>f^^^f^ 

*^#F*3fe<DSttlte*5V^ SSK&IMJ1 (ftt>p1Rtf>l««) 

20 t , m 2 <oitss t n 2 ®ne@s t$rpm t (DmmitR t 

X, B2<Dm&m*. MQWKlfc^Tli^FJifc&^ftfcttSSs 1-**>*)n # 
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U , Bijpids 10 0 A^jg^S J&g«H4, R I NO^kiS*# < ft "J , 

6 oA^dw^8 0Abir5ZbVbZ>„ r*U±, *^N*©StJ©iFffiT**>5& 
fcfcSrf*. 6 0 A&LL8 o AyT©ff A£X#Fl<z>JlgJ?&*t < -fh b, MBft 

t <0§I» 6,40 A« _h - b X\ tfJit^^O t — ifsPf^F- 1 "C 
CUM i ] 
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fflmmR, SiC (6H, 4H, 3C&£tr) , ZnS, ZnG\ GaAs, 
LTx ^©fljllC, ELOG (Epitaxially Laterally Overgrowth) J&S^itfcM^^ 

(i«io 1) sst lt\ wciti^ttftiiift^ 

f±G a N, £J?K ( 1 0 0 /* m) Tl&R^fc^ IMi£RW*LX % 8 0 a 

OVPESMfrtttyhU ?£g£5 0 Ot^Lt, hi) 9* 
(TMG) , 7>^=T (NH3) £fflV\ G a N «t 9 ^tJP* 2 0 0 
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fcafc^s-rr, «i#fl<aj£ft&#ofcj** (elog) 

5 £LT, 2^»^**S«S:#5o WJ&»$«^*?BU Si02^ 

(/^v7tI10 2) a{fcfc^{M£K<0±Cx 0 5 O'CKLX, T 

MG (MJ p*^vi<#y £i0 , TMA (MJ p<^/VT/l-5^^A) \ 7^-7 
Al 0 . 05 Ga 0 95 N«tO*5^y7rll 0 2 £ 4 mOBBP-C^fi; 

f tli 0 tiilif ©/h$^lfti^©A 1 ,G a j_,N (0< 

15 a^l) frt>te*>'<v7 7mi 0 2£j^-5i£:T\ tfy >«M£8$-*5 £ id* 
Il:^^77ll0 2OAl||Jta^ 0<a<0. 3 "Ci>5 £ * 3fcNM4££ 

^^MtL«Ufc^<, s<v7TMl0 2%mf&l,tz^ il^y77 

20 H^I^T^$ix6n#J^>^^ hSSr^UT. ^y7r|l0 2 t^^± 

<DnM=y?t hi i o 4 tfe^i/77»W5ff^lt^li\ iriztohs 
mm) i:<Dm^s ^<ttim^±mn^>ztx\ t>h&Mu *hp# 
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(nIn>?^Ml03) e>jT,t^y7 7il 0 2±|:TMG, TM 

A N 7^-7% »^at->7^tl\ 1 0 5 OtTf S i K-7* 
LfcA 1 0 . 05 Ga 0 9S N,fc!!)fc5aS=y** Ml 0 3£4 jum0>mrcfifc 

(*7$^B5JtJBl 0 4) ft}^ TMG, TM 1 ( MJ ^ fvM' N 
7>*~T*m\ MM£800V\Z.LXI n 0 . 06 Ga 0 . 94 N<fc 9 ^7iv 
^B&lhjgl 04£0. 1 5 jxm©§8S*ej&££it5„ w©^7y^8SJtB 

(nS^7?KSl0 5) ftfc* OSOtfcLT, JiW^iZlTMA, 

TMGWry^-7^V\ TVK-^A 1 o. 0S Ga 0- 98 NJ;»?^5Al 

**:J8V\ SilrSXl O 1 Vcm 3 TV&G a Nit> ftSBJlfc 2 5 Ac£> 
R?t^H5. -etT, r<7?^$r^m2 0 0[l]^DSLTAli^Bl 
tf^Jl U tejft? 1 At mO^lR (»^#ii) «k $ £5 7 y M 1 0 6 
*J5fc££-fr3 0 r©B#, T> K-7°A 1 Ga NOA lMAttk LTfi, 0. 0 5 

#± o . 3 ^T^ftiBT&n^ 7 y m t Lxmrn-rsmmmmzm 

(n»^ mi o 6) m^., mm<D^&x\ SmtfXfcTMG&XfTy* 

=7$rfflV\ 7yK-y«GaNi^5iiSWK1106l:0. 15/im 

10 7) fiS* 8 0 0°C£ LTs CTMI ( f V * f- 

JVJWVJ*) . TMGW7y^^7^l\ Lt^7 

Si£5X10 18 /cm 3 K~7*LfcI n 0 . 05 Ga 0 . 95 N<k»5 fc-BHSS 
Jf (B) 1 4 0 AroJBUfT?, ^7>#*%ll:£\ 7yF-7©In 0 .,Ga a . 

9 NJ:9ft3#Fjg (W) £2 5Atf>88r^ ^«SS (B) x #FJf (W) 

(b) / (w) / (b) / (w) ©ab^sm-*-*. Mk\^±Mv>mmmk 

V\ 7^ K-^© I n 0 . o 5 G a 0 . „N* 1 4 0 A©fiJ|^fi*t5. ffittJB 

io7ii, mmm* 1 o A©#s*^#F«3i (mqw) t*5„ 
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( p mmr-m^m ios -.%\<o^ m&\m^w-m) mm<^uMx\ 

KISf^tTMA, TMGRXfT>*~T*m\ ^FfM&tf* t hXC p 2 M g 
(v^n^y^v^^w^v^iO *rfflv\ Mg£l X 1 0 19 /cm 3 K— 
"7*LfcA 1 0 3 Ga 0 . ^.fcUfcSpM-FM&Jil 0 8&1 0 0 A^JKff-Cfft 

LX, *J:tt©RfgJifcMg#5~i 0X1 O^/cm^K-^fciKi 

10 (pSbfetf'f KSl 0 9) ^iC, ffl££l 0 5 OtCU, JfiflSMf^fcTMG 

RtTTl^e^T^m^\ TV F-^G a N i 0 p M 1 09*0. 

1 5 /im©W?t^$-&5, 

is x i o 16 /cm 3 i:^i9 p®*7Kt a *fcrolii^i:t0Wia*g 

(pi^7-;KI110) ifcV^ 1 0 5 0°CT'Ty K-7°A1 0 . 05 Ga 0 . 
fl5 N£«9:fc3E&2 5A©flW-Cj&g£-£, ^TTMA&lttf). Cp2Mg 
%ffiV^-C, Mg K-7*G a N i D 2 5 AoRIf ^HSr 9 0 

20 Eill!?5IUT»K?0. 4 5 /x mGD/I&^Ji <t «5 £3 pM^ 7 y FJf 1 1 0 

pS^ 7 y Kl&'>&< t t-^A 1 ^tfSfcfc^fcJpfc^ 

25 ^7yKil 10 fi, A 1 ^t?^»¥^*^> L < iiA 1 X G a , _ X N 

(0<x<l) ^frjgfciPflHg£-t-5r£asa*L<, 3&K#£L<ttGa 
NHlGaNi: £OT Lfc»^#it^-ra o p 7?KillO SriSft^ 1 
WiSi-rsril^fco-C, ^7^ KS^#:©Aiai*it*±Jf5ri*5-et5© 
T:\ ^7? KJf @ ft(0ffljf*^/h$ < ft ^ $ bK^V K=¥+ 



i 



tzZ.biz.k <9 x ^ 7 5, K* a 3 f y h L^V'fewi >9 V> 

(pS^y^fllll) 1 0 5 0tT\ pI^7*yKSH0© 

5 ±}C, Mg^lX 1 0 2 Vcm 3 K^LfcplGaNJ;9ft5pl3^^ h 
Ml 1 l&l 5 OA<r>m&V&&Z : tZ>. pl^^nilllttpS^In 
x Al y G ai _ x _ Y N (O^X, O^Y. X + Y^l) XM&1-% w t &X%^ 
»*L<f±Mg*K-yLfcGaNi-fixtf. p 1 2 0 LV>*- 

^ytmmtmbhZc hi 1 m«ffi*?&fttsjiT*>a<0-^ 1 

10 x 1 0 l7 /cm 3 £JliiOffi^IJT»^i:1-Sri:^g^U\ 1X10 17 /c 

7 0 otrer^-y y^£frv\ pSJlfc3EWgffiettl:1-3 0 

Sa^lSOWU ft±S©pM^>-^^ M©«^S i 02 

T&fcLTx RIE (©Stt^y^^^) »SiC14^llJ;i3iy 

20 TS i 0 2 asftfi7?4>5. 

SKi!^ Si^tt (ifcLT, SiO z ) <fc»3*5jBlo»aWtl 6 lSrO. 

5 y mommx^m Ltziks % 1 ©<sam 1 6 1 ^ra^^?)-^ * 

25 it, RIE (SiStt^^-^s/f-^^) gW-i^ CF 4 ^I:1V\ 7* h 

1, 3s it* pit* 7 s> Kg 1 0 9, pIW Kil l OC-^xj'f y^'L 
~t\ PIWK110 9OIW0. 1 umtt£Zm^^X^y^^^LX, 
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v v v y^c/mm.* % i tfXftsws 1 6 1 ©±a> p> N z r mtm 

LXZ iOj) «fc9ft3&2©<S^JRl 62^ $10^IR16 1 <Oh 

o 2 £iK<nttm%m 2 t lt^j$ n 2 <7)^afii«tt t , 3 
0 onu-t, &-£l<iz4o o°csx±, mtto¥mft<Djfflm&&TF (120 
0 °o rimmi-z n * k: i *> , m 2 £>&am#^ 1 ©fi^©j8»8m ( 7 ^ 

15 # -Y F110 9 <Z>Sttiffi) fc* 2 ®4&ttBt 1 6 2 $ H 5 „ 

d©<fc?K:. pi^y^^ Mil 1 2(D±\ZWLtfhtlftBl <Di%mWki 6 13\ 

£Ni/AuJ:«Jft5paffil 2 0SrBJ5fe^3. ffiLpSffil 20}il OO/xm 

20 i*1-5o B2C0f*SMl 6 2J&jg&, gEKgffl^ytng^V^ hfl03© 
SflfffcHT i/Al £>9ft3* b^TTfrflnSSl 2 1 J ~7 tWfltl 

3>foxm&i-Z>, 

nmmzftMi-ztM^y^yjfLxmihztitzmxv, nmm^ 

25 Smft#HRl 6 4£iS!ttfc& N P, nSitNi-Ti-Au (1 00 0 A 
-1000 A- 8000 A) i&fcSHjl&mb (/y til 2 2, 1 2 3$: 

^tvet^ttfc s&ffis i o 7omn. 2 o o nmoM ($mmum\z 
mmttmom) xh n * &m&m (fcumm Kfcsi02£Ti02j:>3fc 



3 
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jfift;frfijt\ gfcfc^ft^Mffi (GaNOMffi, (1 1- 0 0) "C^-ft 
ftfi^ 6 5 0/; mX*&>5o 

^^yy^/u^-ia, i& 5 ±iEtfc*i, 2, 4, sonata* 

10 £g§BS£bfci&<&^&ffi«^j£bTfc&v\, ^fc, ±ia^^^>-«®o 

%mm-Kttm*m-txh&\ r«ibi£ bTtt. s i 02, t i 02, 

Z rO a , ZnO, Al 2 0 3 , MgCX F>ib&5S¥<ft'>& < i t>HI 

fflv^s a./4n Uti&£, n fi##©JB$r*) ©WrutSbfc 

fflV^-i^-Cf, ^~^#Mbfci:#^M®icM^^^^ (Ga 
N) &A;frfi3B-«ffiHb;fcMSu Ag({l010M "?»BLt, ^y^Srlfc 

25 M^33V^Tb#VHi[2. 8kA/cm2 s 5 ~3 0mW©ffi;*J W3l>-C3SJg 

#ffr«U tbtSEflHj 1 fcJt^T, 6 0°C, 5mW©SiellSiCjoV^. 2~3f£Kfl 
SI" 5 2 0 0 0~3 0 0 0B#^^^#^#btL-5 o 
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Mg^lX10Vcm3 K—^LTx ^ritt5ifel4. LT l'-f s 3*f-& 

[mum si 

(gttll0 7) 

15 M£8 0 OTXLT, I^{;TMI (h !)>f;Kyv??A) x 

TMGX0«7y ; E=7S:iV\ ^UVnlf* k LTv"? «rfl§V\ Si £5 

X 1 0 U /cm 3 K— n MS Ga, 95 N <): 9 ftSJtffiJl (B) £ 1 4 0 
A©Slff-C\ v^vtfjsfcjh*, 7>K-7©I n 8 l Ga t .,Nj;!)/i5^i 
(W) *4 0A©lt»-^ r<D»Hi (B) , #F1 (W) (B) / (W) 

20 / (B) / (W) CDlfi{'^Si-5o lf}«iiat, JSff^fXClTMI 

0 . ls Ga, j5 N^ftm t ittI10 7lt 0 0Atf>£*i:^# 

FMSit (MQW) 

^air*5V^-CU#V4ff2. 8 k A/ cm 2 . 5 ~ 3 OmW^W^'&^TIilS 
#ffrtt, 6 0°C, 5mWOiI^ii(CjoV>T > 5 0 00~6 0 0 0B#Pfllt#3, 

[H*«S|4] 
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£%0!f 1 tJt^T, mTm-fotf*$ < [Rl±U 5 0°C, 3 OmW^t 

]i^M$^rfci:i5, 1000-200 ommo^m^^- *?m*t>mt>ti 
mm^. nmmw^nh^m^mw-^, 60. so, 9oAtm^ 
oj^jf^^juD-r 3 i 1 m j; zm&±#<omm<oma\z i^vi, t § v ^mmm 

#vMSIt^cD±#f3:, j&< n*. Z>h, £fcM l =fc <9 fcflfoWc** < *5S*-e*s 

«\ #FE<aR*f*s 4 0 AEU^gfc^^^ftitfBfu t < fi 5 0 
±ii-5wi-C55^Wi^*fi**SlMI»WRri!Si:/iS. £<BH#. #FJ§ 

©IRJ?£5 0 A^±t1~5 miJS OmWX^mm^mvfoV , 10 0mW 

[IM6] 
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(Dpmmt^mPf-m (pmm^-m^M) umu^xh^t^ m^-mrn^- 

[«#J7] 

S/#FSco«I^SU ft«l-JRI?l4 0A©PMI]g*8(Si"5- -£>R#* # 
F)f«J?£ N 2 2. 5 A, 4 5 A, 9 0A, 1 3 0AigEfb£i*\ 5 0t, 3 

OmWcD^-Caiis^^fcB#©*^#^^!ll 2^1% g|j&»P>93 &a»Jfe.fc 

iFKf^s#e>jxSo #F§£>J1I¥4 5 A, 9 0 A. isoAxii, Utt 

m5 tmmK. 3omwu±(ommjj<Dmw»imxh v )s 90 a. uoao 

80-10 OmWWffl;*jaspj|Bftu~- -Ftmsft&ftS. 

3£ftfll l #FJf<D8flf¥4 5AT% i*m/#fs/m 

S/^FSOIW^IU fii:if 1 4 0Ao»M4rSW-r5. § 

ftai lfcitl^(7)ill©if 22. 5 A, 45 A, 90 A v 13 
5 A 5 0^ SOmWO^X'Siii^S^fcNF^^^IIll 

l W3V^C> ? 7 y Kf JjHic&fr 5 A 1 G a N!£>A 1 iSJ,Jt£r 

o. lii-^ffiiix i^i^UTv-^itT^So #f>H5wif*^is N 

S> KI©A 1 ^■XfflStitfr 0. 0 5T'fc!), 30 mWT; K, %ft$Jg 

lGaN^*3tt5AlS(&JtSrO. I5b1~5k. rc^7yKiOAlo¥ 
*&»*it^i(Q 0 . 7 8 i: ft 13 , A I 0 . 0 5 S^iCit^T, 
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tt5A 1 <D¥i%&&ttlt, 0. 05J^T. fttL<\±0. 0 2 5fL<!40. 0 

[lafiwio] 

5 Wfitis^t, *±»©I»M (*fcp!Wfflfc3fi«3ttfcl*g0) £i 

ft£ 0 *±§p«i*®i^ i ooAommt Ltzu-^m^x'^ mmmi 

10 [»J1 1] 

1 ^*5V>T, pfJ^^TO*! 10 8 fcK»tfclvC % 10 7(DJb 

*flfcm*t±#t, mmimm%h<Dhmhti5 0 -ft 

15 ft, M*H©pi»«l (pWm*m&ibmi 0 8) $r£$fc^ 

1 2] 

20 i 5 ^ Ltzffim t -tStett. Hfeffl l t L~C, if iH^#5, 

FtM5ff. #Fi4S©^i4St-t-^i:, #Fl#2l, 3*-?*>5»£fcJfc 

€ (^lOpilltii) 2d^ifl4 0Ai:U »lf2b, 2c©II£ff£ 
lOOAi L1tm& m 5 fc^1£teB©*i£) fcWu itrSH©H 5 ©S^lziifc^ 
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Dtftfll 1 ] 

ItWfi^i^o #bii5^fi^ll 6 0°C, 5mWWAWS«SfS 

fcPtM^S i K-T'fi^ 1X10'\ 1X10", lXlO"/cm J ta 
*^#fftt«E^tt<^ft&l^ Ull 4, 15}^jH\ SI^T'Ty 

ft_b!$ol«« (*t>pMWI«w&«i-si»M) i'> S i £Mga<tftfcU3*xSo 

SoT v 1^e>n<5^— ifSd^WU W!Bft±»|8MtJf S i ^Mg^K-^ 

^Xs J £<Otm&*£<&T1rZWEknZ.t>tiZ B LfrLfr&t), Hi 4, 1 
5^-f=t5i-S i K-:/*££ffc£ Mg K-^SMlbL&l^ 

[MMi 3] 

H»J 1 fiH4Ji i o 7 0 1 o&^T^RW-rsiSttB 

(m±M4 0 7) 

M£8 8 0°C£LT, JgCfSfctf^fcTMI N T MG RXFr^=.T&R\i\ 
^W^,!:lTv'7^^V\ Si &5 xi 0 18 / c m 3 K-— "7° Lfc I n 
o. oi^a 0 . 9S Ni^/^Il©flii40 la £l 0 0 A<DiO?-ej*SS-&5„ 
i^T, ia**8 2 0 TCHTtfx ^9^^*lt*s r^K~y<DI n 0 3 G 
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-CTMA£J3V\ Al 0 . 3 Ga 0 7 N £ V #5* 2©P*S1 4 0 3 a & 1 0 AO 
flgirej&K^So ^IlOili4 0 1a,fFl4 0 2a, £2©»£ 
ill 4 0 3 a <75 3 S^jf*. 0 1 0 ± 9 $ fe^fc 5 1 ®M<9 51 

40 1b. 40 2 b, 403bMU ittf±WIl4 0 4 i: 
T^K-^©I n 0 . OI Ga 0 . 99 N^ifl 4 0A«LT, »4 6 0A 
<£#Sft^#F (MQW) ^?)^5ittl4 0 7«t§o rOBl, ftfcp^ 
Jg« t&«i-S*±«UOPiffli 4 0 4 mttZ P MS^ffliiftl 10 8^ 
bpSPF^^Mg^tfeLT, Mg*#t"5l$e)ii:^5o #bft5W-f* 

Wii, ^KfiA^Ga^N (0<zSl) 

^(D^ AlSAJfczWu o. 3#±£i-5^fc?#FJi<3iiariMs&#K»£1- 

e 9 aw 9 b w^t*^ ^;t© J: ? i' it, ft$H-s. 

(/^777l3 0 2) 

TiTMG (h!J^f^JJ7A) , TMA ( h y p< f-frTAsi* - $ A) £ Srffl 
V\ £&3 0 l±i:GaN,t^^5/77l3 0 2 1 5 OAoifT^ft 
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(TJfiJS 3 0 3) 

/^>7ri3 0 TMGW^S'itfcTv 1 0 5 o°c£-c.L#£ 

7> K-^G a NA^^5Tii 3 0 3^1. 5 » m<EHRJ**?fi!cfi£*5o 

5 TtfeS 3 0 311 g{fcW##£$ft$i*:SS=fe£ UT^ilTf 
(nl=y^ hS3 04) 

S^T1 0 5 0°CT\ HDOI^tTMG, T^-TH*. ^Rttfttf* 
!:~>7^^1\ Si £4. 5X10'Vcm 3 F^7'LfcGaNi^^ 

io {nmrni^mwrns o 5) 

ft^i/7^^©^*-lt*x 1 0 5 0°C^ TMG % T^7«^^flt\ 
K-/GaN^&45Tl3 0 5 a t: 3 0 0 0 A^KJfT^fi^^ iftWC 
IHfiterv-^^^^JiAnLS i 5X l 0 18 /cm 3 MLfcGaN 

^b^S^BBJiS 0 5 b£3 0 0A©8B?-CJ^$-S\ SStaftl^'CS'? 
15 ^^Jhfes WtT7>K-7"Ga Ni»b*S±Jf3 0 5 c &5 0 AOJWC 
3 0 5 a/3 0 5 b/3 0 5 c <D ^Mt^b^WBM 3 3 5 OA<£>H 
l£«JISS3 0 5&#*$i2:5„ 
(nil2#IH3 0 6) 

mm<D^gMX\ T^K--^GaNi^&S$g2<^{bfe¥^&M£4 0 
20 AjfcS^ &l£fi«£8 0<ra::LT» TMG, TMI, T^=T«rffiV\ 
T^K-n n Oil3 Ga 0i 87 N<fc » £5£ 1 COgfcfc*N«Wlfc 2 0 A$*£ 

CDIPX-SH^ 1 0 Jg-f ojgJf c?1i\ MlCG aNi545*2 

£40 Ajsfe* $ iirTTfM $ ft 3 jg«HHffife©#JMSJ; 9*5n«l*2 #J|jRII 3 

25 0 6 ^6 4 0A©IMSMo 
(Sttl3 0 7) 

fltKl, G a N «t D *5PtSa* 2 5 0 A©lJBp:Tlfc5:i*1*\ 8£^TIB&«: 8 0 
Ot^LT, TMGv TM I „ 7>*=7^VTyF-7 , I n 0 , 3 Ga 0 , 7 N 
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*/IWlB6/#F«/l»S!*B7©W|-?WaMI*7*H #F§£6l v 
l£M LT, £jgg@ 1 9 3 0 A^M^FflHtJ: D &5&t41 3 0 7 

PttlBl, B2iltt, Si^lX10 n /cm 3 K-7 1 Lt, 
5 S5©UtSlBi (i = 3, 4, • • 7) fir ^ F--7Tm&tZ„ 
(P®#1^7^K13 0 8) 

Jfel', 0 5 TMA, 7^=7, Cp 2 Mg (v^ 

^^n/W^2/^A) Mg^l X 1 0 20 /cm 3 K-^UfcpS 

10 JR\^-aa££8 0 0°C!ILX, TMG, TMK 7^-7, Cp 2 MgSrffl^ 
Mg&l X 1 0 20 /cm3 K-^Lfcl n 0 03 Ga 0 s 7 N =t 13 4 ©gffc 

gfc4fe¥«#B&4 0 A©BSJ¥Tj&£ ^fcgW^^lIi D ^5pi^ 
15 SliS^y y KJi3 0 8 £3 6 5 A©If-e^Ut^ c 

(pfGaNny^^ M3 10) 

^T1 0 5 0°CT\ TMG, 7^=7, Cp2Mg%ffll\ MglrlX 
1 0 20 /cm 3 K-yUplGaNi!545pi3^^ hJf 310^700 

20 KJCu^T^x mmzm^X'Tif, zio\z&&m%fi>. **^«r£j&wrt 

^) igg-epM^^ M«^e>3iyf-^^S:fTV\ 09AS.t;9B^i-J: 
25 5tna=>^^ hg4©^iS«r8IW$*5 0 

syf^^, ftJh®K£>5pM=>^ M3 1 0©(5ir^®{rj^J?2 0 0 
A<DN i tAu^tf8*14©plS3 1U, ^©piil l©±^7l?^>f 
isfftOA u£V)t£2>v;<y 0 . 5 m©0SJPT7gjS;1-5 o — ^ 5/ 

5 L ^^«t«3«aj$^nM=i^^ Hf 3 0 4£>MiaiW2:Al ^nl 
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m HB Bit *-©&tf>l*MB B 2 |i nMWW K-y $ JlTV ^ r i: T\ n 

imnsmi 5] 

»U4«iC^^ ftfcp«Kttifi-*l*ilBB7fc:, pPII 

iLXMg^lxioVcm'F-yfW ^ife#illl;i:R«^t-C, M 
**&#5 0 ^HSMIfiN^ HftfclfgldfcLT, *±«5©*fiBB7H 

ess* 5 0 1) mymi\m^tz.^Atm^mw^m \ 0 1 ^nt^^s 0 1 

20 ^»¥#ffcS&5 0 10±iC x Sltfi|5 3 0 ^LT, A 1 N;&»e>fc3!&l© 

1531 ^GaNi^45i2©|5 3 2 SB^ottJl^. 
I©1#, #BJi, X/ (4n) tt&U JU±#©8*, nl4#|SK>E#fSS) 
SrttfcUBWTTKtt, r^-Ciln = 2 (AIN), 2. 5 (G a N) T\ #RV 

£fgi?>B^5 0 OA, *2©B#&4 0 0A©S8PT^j*1-S B w©^, 

25 ^#tf>Kttt*tf\ 2<7>1£ N I n x A 1 y G a x _ x _ y N (O^x^l. 

O^y^ls x + y=l) "C«$tt5Sfb» i N|c#SrfflV>5ii:^-Ctx Sft* 
¥*fl£COS»lRttS 1 s 2 A 1 X G a h N (Ogxgl) 

j*©Rfc*Sfl^¥##&CTfc«B Ui^BRfcJB^S- £ L< , ^© 
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Hi £>g/3S2 0/l£A 1 GaN/A 1 GaN s GaN/AlGaN, AlGa 
N/A IN, Ga N/A 1 Nft i?Tr?gfi£-C§ 3 0 A 1 x G a ,.,N/A l y Ga H 
N < 0< x , x < y < 1 ) T?*>5 £: A 1 G a N#f ET&5fcft«§S0FJ^£ 
/^^-e^lltKM-ei G a N/ A 1 y G a j. y N (0<y<l) 

(y-x) <-T5t, f|l©1^2 0jf <t©M«^£ 

i-5 r £ -estrt^v ^Efl&K**l&&s7&*-c£ 5 0 * it. mm 1 £: Pii^ 

^mmmtLX, Al y Ga,,N (0<y£l) £7&£t5 1 ^ K £ *> , 'V? 

m^X, immi (#Fi5 5A) i:PI«©&#T\ nI=^^M5 3 3, 

LT, R^<7)|BP«|J*lr'tSS i0 2^fc*5^P5'^S5 3 6SrK^ts -£ 
©RJ&Jft&Mn&a^Mg R-^GaNlrJ&ft^T, i2© P In^^ M 
5 3 7«r»^"t-S. ^OB#, pl=^^ Ml 5 3 5, 120?!=^^ hi 
5 3 7H V^-f^-^f£J-j"Sr«Lfct>WT*t>^V\ W^2C9pM^^ 
M5 3 7©±l^ S i O z /T i 0 2 a»kfcSt^ft#«K$^&LK#tR5 
3 8£U Suia^D ^^15 3 60lP§C<D±tP3W{^tt5 c ^ LT, nl 

= M5 3 a^Rffli-s^^-e^y^-^LT, arwutnSai^^ 

M5 3 3©±(CJ) y^Onfi5 2 1, ^2©pS=iy^^ M5 3 7C1 

»e>*L5ffiisM£:a©^— ^*^f±. tmm^ m^-m^m^ ss 

[2560! 1 7] 

(J&ttJBl 07) Si£5X10 18 /cm 3 :/UfcI n G . 05 Ga 0 9 5 N 
<fc<?&3l¥^Jf (B) £ 7 0 A(DmmX\ ^/y^iS^±t> s 7^K-^In 
0 . 15 Ga 0 . s Nif)^5#Fi (W) £ 7 0 Atf>«B¥T*x (B) . 
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W*M (W) Sr, (B) / (W) / (B) / (W) ©!W'^li-5 0 
I n 0 05 Ga 0 . 95 N£1 5 0A©il?^^5. SftilO 7 ft. W 

iK4 3 0A©^S4^#Ffll5fi (MQW) £1-5. 

(pS^7 5» KJgl 1 0) iRV^T, T^K-^A 1 0 . 10 Ga 0 , 86 N.fcl}ft<5 

Jf%2 Mg K-7*GaNU9ft5S£2 5A^ilJ¥T*j&K$i^ ^ 

*l*9 O@ift!0i£L-Cjfcl!SJPO. 4 5 m©ig&^B * !3 ft 5 p 7 y Kl l 

£tlfd^S£l&< gllh #~FMOStR t ^ 1 T'fe§^\ HIl 2 \Z7Ft#F 
< ft !K 5t7*-<^^ ^^AtfcV^T. tfftfcJ&g^H^ R I N© V-lf* 

U Al^i»HJtx£, 0<x^0. ltt5ri^^©M«rfllx. 
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ft * <D ft H 



3. B«iB^t4i^Lfi (l^2) owiBi*fieJi%^rt. 

15 ggB l^bStlBpM^»^M^^^T^T i#g (i = l, 2, 

3, • • • L) OPfiSSrftiiB i , kLTcm^ 

i = i^i= n ( i < n < l) &-?ommMB i^nmpfWk^h^t^m 

25 7 . Htnam i o»ffilo«B¥* s ttrtEjS 2 o^tiogii sen^ c-c*>* r. t 
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9. mWmftco'pt£< k fcio©#FW\ 4 0 A&±oflJ¥SrWi"5- 

k k l Hffifc^fcfc^ft**. 

1 0 . iiufaS§ l ©WSl^ pMfe^ttS r. k ^Wtikk-fb^im IE 

11. jKrtE&l pi»&5X10 16 cm- 3 aJ:lxi0 19 

12. Htiaig 1 ©Mea\ pMxiiiST'fcsrt^mt-rsm^ite 

1 3 . Bfrfsfg 1 (DmmmtK ^mm* K-^tfi^fi$tfct)©t^ot, 

mils P mmtm^ftMfr h (o^mXL ± 9 P l^ttfc&^tp n i &4#i£ £ -r 5ft 

14. sue n s£fbfe¥*#«x ifffi^tti^ xtmia p wmwn^m^m<o 

15. B&ta p M»¥*f*/l^ TOMtfc x 2* 0 < x £ 0 . 0 5 <D A 1 £ 

¥*&i&£Jfcx # 0 < x ^ 0 . 05 ©A 1 £^tpM;W#ft^e>f&3T^ 7 y 

is. giriEpS^tw^a^^. m&m\mmLx%i<Dpmmm*m 

17. HuiE^i^pM^tw^®^ m^vmrnm^mm^^" 
h^-fLx^MLx^^zk^mk^m^mi mn^mtm^m^ 

18. gfta^lirio^T. #F1©» 1 W3OT©®it'fc5 ^ i: ^ 

mk-f&mm 1 ia«©^™¥W*^ 0 

M£<Z>I©SJfcRt {= [#FIOll|] / [Rgjeogg] ) ^\ 0. 5^R 
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t ^ 3 (Dmm^h % ^t&msLt+z mtm^mm^ 

20. irtE#Fl<ofiU¥dwj&s % 4 0 A^ d 1 0 0 A<D$&WX"& V > fitflE 
5 2 1. Btrffi p S^fctt^fcJB^ a i ft 3 ±8ff * 7* 

»d B ^i ooA^±4 0oA^T©fElitft£#FJf ^S&Std B rt 
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® m 



